(20 and 200 ng ml \m=-\1) and insulin (10,100 and 1000 ng ml \m=-\1) increased (P < 0.05) granulosa cell proliferation and progesterone production. In conclusion, pulsatile infusion of 2 pg GnRH (every 1 or 4 h) for 13 days into nutritionally induced anoestrous cows results in increased intrafollicular oestradiol and insulin-like growth factor I concentrations and can stimulate ovulation without markedly affecting concentrations of androstenedione or progesterone, or the binding activity of insulin-like growth factor binding proteins, in follicular fluid. In addition, granulosa cells from nutritionally induced anoestrous cows have the capacity to respond to insulin-like growth factor I and insulin in vitro, indicating that the decrease in trophic factors observed with restricted feeding does not reduce the response of the ovary to insulin-like growth factor I and insulin.
= 149) were collected. The percentage of cows with luteal activity on day 13 was significantly different (P < 0.01) among treatments (0, 25, 75 and 25% for control, GnRH-4, GnRH-1 and GnRH-C cows, respectively). Owing to the large percentage of ovulatory cows in the GnRH-1 group (n = 6), anovulatory cows (n = 2) were removed from this treatment group for statistical analysis, as were cows with luteal tissue from the (n = 2) and GnRH-C (n = 2) groups. The numbers of small (1.0\p=n-\4.9mm) and medium plus large ( \ m=ge\ 5 mm) follicles were not affected (P > 0.10) by treatment. However, (n = 6) had greater (P < 0.05) concentrations of oestradiol in follicular fluid than did control (n = 8) but not GnRH-1 (n = 6) or GnRH-C (n = 6) cows. Concentrations of insulin-like growth factor I were greater (P < 0.05) in the follicular fluid of GnRH-1 cows than in all other treatment groups. Concentrations of androstenedione and progesterone in follicular fluid were not affected (P > 0.10) by treatment or follicle size. The binding activity of insulin-like growth factor binding proteins was not affected by GnRH treatment. However, the binding activity of insulin-like growth factor binding protein 2,29\p=n-\32 kDa and 22 kDa insulin-like growth factor binding proteins were greater (P < 0.05) in small versus medium plus large follicles. In Expt 2, granulosa cells were collected from nutritionally anoestrous cows to determine whether ovarian cells from anoestrous cows have the capacity to respond to insulin-like growth factor I or insulin in vitro. Both insulin-like growth factor I (20 and 200 ng ml \m=-\1) and insulin (10,100 and 1000 ng ml \m=-\1) increased (P < 0.05) granulosa cell proliferation and progesterone production. In conclusion, pulsatile infusion of 2 pg GnRH (every 1 or 4 h) for 13 days into nutritionally induced anoestrous cows results in increased intrafollicular oestradiol and insulin-like growth factor I concentrations and can stimulate ovulation without markedly affecting concentrations of androstenedione or progesterone, or the binding activity of insulin-like growth factor binding proteins, in follicular fluid. In addition, granulosa cells from nutritionally induced anoestrous cows have the capacity to respond to insulin-like growth factor I and insulin in vitro, indicating that the decrease in trophic factors observed with restricted feeding does not reduce the response of the ovary to insulin-like growth factor I and insulin.
Introduction
Severe nutrient restriction and loss of body energy reserves cause cessation of oestrous cycles in cattle (Richards et al, 1989a; Bishop and Wettemann, 1993) . Restricted dietary intake reduces the maximum diameter and persistence of dominant follicles (Murphy et al, 1991; Rhodes et al, 1995) . Cows that become anoestrous owing to an inadequate plane of nutrition exhibit reduced concentrations of serum LH and fewer pulses of LH as they approach anoestrus (Imakawa et al, 1986; Richards et al., 1989a) . In addition, plasma concentrations of insulin-like growth factor I (IGF-I) and insulin decrease as nutrient-restricted cows become •Correspondence.
anoestrous (Richards et al., 1989b (Richards et al., , 1995 . These decreases in IGF-I and insulin are thought to have direct effects on the ovary resulting in reduced follicular function (Spicer and Echternkamp, 1995 (Riley et al, 1981; Walters et al, 1982; Spicer et al, 1986a,b Radioimmunoassay s. Radioimmunoassays of IGF-I and progesterone were performed on both plasma and follicular fluid samples, whereas oestradiol and androstenedione concentrations were quantified by radioimmunoassay using only follicular fluid samples. Concentrations of IGF-I in plasma and follicular fluid were determined by radio¬ immunoassay after acid-ethanol extraction as described by Echternkamp et al. (1990) . Intra-and interassay coefficients of variation were 13 and 16%, respectively. Concentrations of oestradiol and progesterone in follicular fluid were quantified using a radioimmunoassay described by Spicer and Enright (1991) . Intra-and interassay coefficients of variation were 10 and 25% for the oestradiol radioimmunoassay, and 19 and 19% for the progesterone radioimmunoassay, respectively. Concentrations of progesterone in plasma were determined in one assay using a solid-phase radioimmunoassay kit (Coat-ACount, Diagnostic Products Corp., Los Angles, CA) as described by Stewart et al (1996) . The intra-assay coefficient of variation was 10%. Androstenedione concentrations in follicular fluid were determined using solid-phase radioimmunoassay kits (ICN Biomedicals, Costa Mesa, CA) as described by Stewart et al (1996) . Intra-and interassay coefficients of variation were 11 and 16%, respectively. Ligand blots. Plasma and follicular fluid IGFBPs were analysed by one-dimensional SDS-PAGE, as described by Echternkamp et al. (1994) (Ott, 1977 7,9
9.5 11.0 ±0.6 11.5,16.0 "Treatments were as follows: control (saline), (1 pulse per 4 h), (1 pulse h_l), GnRH-C (continuous infusion). bDay of treatment that a corpus luteum (CL) was first detected by ultrasonography. (Ott, 1977) .
Results

Experiment 1
Number of cows with luteal activity. A cow was considered to have luteal activity when a corpus luteum was present on the ovary upon visual examination after the animal was killed or if plasma progesterone was > 1 ng ml·1 for 3 days or more during treatment (Table 1 ). The percentages of cows with luteal activity were 0, 25, 75, and 25% for cows in control, GnRH-4, GnRH-1 and GnRH-C groups, respectively (Table 1 ).
The result for the GnRH-1 group was different (P<0.01) from all other groups but the control, GnRH-4 and GnRH-C groups did not differ significantly from one another. The mean day of treatment on which the first corpus luteum was detected in GnRH-1 cows was day 10 ± 2 (Table 1 ). Owing to the large percentage of cows with luteal activity in the GnRH-1 group, all anovulatory cows (n = 2) were removed from this treatment group for statistical analysis, as were cows with luteal activity from the GnRH-4 (n = 2) and GnRH-C (n = 2) groups. Number offollicles. Treatment had no effect (P > 0.10) on the number of small and medium plus large follicles, which were 34.9 ± 9.5 and 3.4 ±1.1 per cow, respectively. The average diameter of follicles a 5 mm and the average diameter of the largest follicle were not influenced (P > 0.10) by treatment and were 6.9 ± 0.6 mm and 8.2 ± 1.1 mm, respectively.
Concentrations of oestradiol in follicular fluid. The GnRH treatment affected (P < 0.05) follicular fluid oestradiol concentrations such that GnRH-4 cows (n = 6) had greater (P < 0.05) oestradiol concentrations than control (n = 8) and GnRH-C (n = 6) cows but not GnRH-1 (n = 6) cows (Fig. la) .
However, there was no difference (P > 0.10) in oestradiol concentrations among control, GnRH-1 and GnRH-C cows.
Oestradiol concentrations in follicular fluid also did not differ (P>0.10) between small (3.5 ± 0.7 ng ml·1) and medium plus large (3.9 ± 0.7 ng ml·1) follicles. There was also Concentrations of progesterone and androstenedione in follicular fluid. There was no effect (P > 0.10) of GnRH treatment on concentrations of progesterone or androstene¬ dione in follicular fluid (Fig. lb) (Fig. la) . There was a tendency (P < 0.10) for season to affect follicular fluid IGF-I, such that follicular fluid IGF-I concentrations were greater during autumn-winter-spring (17.5 ± 1.7 ng ml"1) than during summer (13.4 ± 1.3 ng ml·1).
Plasma (Fig. 2) , season, or their interactions. There was no effect (P > 0.10) of treatment on the binding activity of IGFBP-2, the 29-32 kDa IGFBP or the 22kDa IGFBP; however, the binding activity of these three IGFBPs was affected (P < 0.05) by follicle size. Greater binding activity (P < 0.05) of these lower molecular mass IGFBPs was found in follicular fluid from small (s 4.9 mm) follicles than in that from medium plus large (a 5 mm) follicles (Fig. 2) 
Experiment 2
Treatment with 10,100 and 1000 ng insulin ml·1 increased (P < 0.01) the number of granulosa cells compared with controls (Fig. 3a) . Similarly, 20 and 200 ng IGF-I ml"1 increased (P < 0.01) the number of granulosa cells compared with controls (Fig. 3a) . Stimulation of granulosa cell proliferation was greatest with 1000 ng insulin ml·1 or 200 ng IGF-I ml"1 (P < 0.01). In addition, 10 ng insulin ml·1 and 20 ng IGF-I ml"1 had similar stimulatory effects on number of granulosa cells (Fig. 3a) .
Treatment with 10,100 and 1000 ng insulin ml"1 increased (P < 0.01) progesterone production by granulosa cells compared with controls (Fig. 3b) . Similarly, 20 and 200 ng IGF-I ml·1 increased (P < 0.01) progesterone production by granulosa cells compared with controls (Fig. 3b) . All doses of insulin and IGF-I increased progesterone production by granulosa cells in a similar way (Fig. 3b) .
Discussion
The results of the present study revealed that, after 13 days of treatment to nutritionally induced anoestrous cows, (1) pulsatile infusion of GnRH had no effect on the number of small and medium to large follicles or on concentrations of IGFBPs in follicular fluid; (2) (Spicer et al, 1986a ). In GnRH-1 cows in the present study, ovulation (as assessed by first appearance of corpus luteum) occurred on average on day 10 of treatment. Therefore, follicle populations in GnRH-1 cows were assessed on day 4 or 5 after ovulation, when a new follicular wave would have commenced (Stewart et al., 1996 ).
The precise position of control, in terms of a follicular wave was uncertain. The fact that GnRH treatment increased follicular fluid oestradiol concentrations was not surprising since the concentrations of oestradiol in plasma of cows were increased between days 2 and 12 of GnRH treatment (Vizcarra et al, 1997) . In addition, oestradiol secretion was be induced with low-dose injections of GnRH in postpartum anovulatory cows (Walters et al, 1982; Spicer et al, 1986b) . As follicles grow and become steroidogenically active, granulosa cells develop an increased aromatase activity, allowing for an increase in the conversion of androstenedione into oestradiol (Fortune, 1994) . However, follicle size did not have an effect on oestradiol concentrations in follicular fluid in the present study. Why oestradiol concentrations in medium plus large follicles were low and not greater than concentrations in small follicles is not known, but is likely related to the fact that the average diameter of the largest follicle was < 10 mm in the present study whereas, in the other studies, the average diameter of the largest follicle was 10 mm (Spicer et al, 1986b,c; Spicer and Enright, 1991 (Spicer et al, 1988 (Stanko et al, 1994) and IGFBP-4 in sheep (Carr et al, 1994) , while the binding activity in the 22 kDa region may represent a deglycosylated form of IGFBP-4 since the molecular mass is similar to that of proteins identified as IGFBP-4 in sheep (Carr et al, 1994) . The finding that follicle size had no effect on IGFBP-3 binding activity in follicular fluid is in agreement with results for normally cyclic cattle (Echternkamp et al, 1994; Stewart et al, 1996) . (Spicer et al, 1997) , and oestradiol production by bovine granulosa cells (Spicer and Chamberlain, 1999) (Hauser, 1984) and that these differences are probably a result of seasonal differences in gonadotrophin secretion (Stumpf et al, 1988) , intraovarian IGF-I concentrations, IGFBP-binding activity or other factors (Richards et al, 1995; present study).
